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Lag phases can be so short that they are experimentally
undetectable; they can range from a few minutes to several days.
During the exponential phases of growth, populations of some species
can double in 8 minutes under ideal conditions or the process may
take weeks under suboptimal conditions. Initial population levels
can be as low as one cell per kilogram of product or as high as
levels approaching those observed in the stationary phase, which
frequently range from 106 to 1010 per gram of growth substrate.

In meat products, unless some effective or severe processing
procedure selects for one kind of microorganism, a mixed flora
usually predominates. This means that several species and strains of
microorganisms may be competing for domination of the meat product.
However, "starter" cultures are added to some products to establish
a desired flora rapidly.

It is possible to have one or more of a variety of cultural
interactions ranging from symbiosis to neutrality to synnecrosis.
Consequently, there may be spoilage microorganisms that inhibit
growth of pathogens, there may be lactic acid starter cultures that
are effective protective agents, or there may be no competition
permitting pathogens to proliferate.

Factors Affecting Growth. Many factors influence the growth of
microorganisms, and various species of microorganisms have dramatically
different nutritional requirements. The composition of the food or
meat product determines the substrates available for growth. Temperature
is critical in the regulation of growth rates and survival. Physical
factors, such as the water activity (a ), the pH, the oxidation-
reduction (redox) potential (E, ) , and the gaseous environment also have
a substantial influence on growth. Closely linked to these factors are
the species of solutes (e.g., acids, curing adjuncts, salts, and sugars)
and the antimicrobial agents (both added preservatives and naturally
occurring inhibitors) that are present in the microenvironment
immediately surrounding the cells.  Finally, the effects of processing
procedures and the interactions of these many factors must be considered
when examining the growth of microorganisms.

Contributions to the Control of C. botulinum and Other Clostridia

Many moderate heat-processing treatments or other factors that
stress cells will inactivate most vegetative bacterial cells and
eliminate competition, but allow viable spores, including those of
C. botulinum, to remain in the meat system. Frequently, these
treatments will also activate spores for subsequent initiation of
germination, which, under adequate conditions, will lead to outgrowth,
cellular replication, and, ultimately, toxin production, in the case
of C. botulinum. Thus, because of its potential to cause botulism,